
Brief Introduction to Human-Computer Interface Paradigms

While this is a book about multimedia computing and it would be easy to write another volume 
just on human-computer interface research, we felt this is absolutely the reason to at least include 
a chapter on it. In contrast to most other topics discussed in this book, human computer 
interaction has a largely subjective component. Like Multimedia computing, human-computer-
interface (or short HCI) research seeks to gather knowledge from cognitive psychology, 
especially in matters of perception. However, in addition to that, HCI research also has to take 
into account subjective aspects such as cultural and social perception, and even issues such as 
political correctness. In other words: When dealing with HCI problems one is dealing first and 
foremost with problems regarding human beings. Informally, one could say the challenge is to 
make the computer be social. 

So how can we make the computer be friendly to its human user? Of course, there is no easy 
answer to this question, otherwise there wouldn’t be such an amount of literature on this. In this 
chapter, we will therefore have to focus on only a few important aspects of HCI, which we think 
provide enough introduction for the reader to be able to continue thinking in the mindset of an 
HCI person and studying the field. These are: General rules of user interface development and 
introduction to human-based evaluation.

Graphical User Interface Design
Most of today’s applications, especially ones that support multimedia in any way, use a graphical 
user interface (GUI), i.e. an interface that is controlled through clicks, touch and/or gestures and 
allows for the display of arbitrary image and video data. Therefore knowing how to design these 
applications in a user friendly manner is an important skill for everybody. Unfortunately, with 
many factors that go into the behavior of a program and the perceptual requirements of the user, 
there is no unique path or definite set of guidelines to follow. Over many years and using 
research results and feedback from many users, however, some standards have evolved. These 
standards can be seen everywhere today in desktop environments, smartphones, DVD players, 
and other devices.  Very often though developers create a way to do things and then users adapt 
to it whether it is optimal or not, sometimes, users would even argue about the way it is done in 
favor of one or the other paradigm: So is it better to have the menu bar inside the window of an 
application or is it better to have one menu bar that is always at the same place and changes with 
the application?1  As we know, this is one fundamental difference between Apple’s and 
Microsofts operating systems -- and it is hard to say one or the other is right or wrong.

Never think inside out
Despite the discussion above there is one important rule that it is universally true for any 
machine or application interface: Never assume that the user knows what is happening inside the 
program (thinking inside out). The interface should assume no knowledge of any kind of he 
insides of the program. While this seems obvious it is more than easy to accidentally require 
much more knowledge about a program than a user has because, after all, the creator of the 
program has intimate expert knowledge. Most user interface glitches are the result of a violation 

1 This particular example has been studied quite well though, see the references for details.



of this rule. Drawing the analogy to social interaction, this is similar to a person asking you to 
introduce yourself. Everybody of us has many details he could tell about things happening 
everyday. When we introduce ourselves, we start with several social conventions, such as stating 
our name and then go on to a small selection of facts that are relevant in the context of the 
conversation. A program should follow the same guideline: It should present itself inside the user 
interface conventions of the particular device and then only expose those details that are required 
and expected by the user. If the program “introduces”  itself with difficult technical details that 
are hard to understand, especially a first-time user will probably reduce his or her interaction to 
finding a way to end the program and think about a different solution to his problem. Figure 1 
shows a bad example of thinking inside out, it is modeled after the dialog box of a real-world, 
heavily-used application. 

Array index out of bounds.

Error
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Figure 1. Thinking inside out is one of the most often occurred problems in user interface design.

Don’t develop technology-oriented but task-oriented
This is one rule that especially true for multimedia applications. A common example that 
demonstrates this is: Just because you have several hundred fonts to choose from it doesn’t 
meant every document should use all of them. In fact, most publications only use 1 to 3 fonts 
because most readers would not find it appealing to look at a mess of fonts. In multimedia 
applications one has the tendency to present the user with as many output, eg. different media, as 
one can. In reality choosing wisely is key here and often less is more. This will be discussed later 
in the chapter again. Most importantly, one has to focus on what the task is and what the user is 
capable once the technology fulfills all requirements. So when designing the user interace to your 
application you should ask yourself the following questions:
- What are the (mental and physical) capabilities of the user, e.g. what are the technical terms 

understood by the user? 
- What are the tasks that the program is helping the user to achieve and what information has to 
be presented and asked from the user for doing so?
- What are the upper and lower limits for resource requirements needed to accomplish the tasks, 
e.g. how much disk space is required and how much memory has to be allocated? A typical eror 
made here is to restrict array lengths arbitrarily and exposing the limitation to the user. Many of 
the Y2K bugs fall into this category, as developers underestimated how long their application 



would be used. In the multimedia community, screen resolutions and sampling rates have often 
been part of this problem.     
- How can the application make the most important tasks easy and quick and the less frequent 

tasks at least possible? In other words: Find the right compromise between the ease-of-use and 
the complexity of the program. 

Larry Wall, the creator of the PERL programming language is often quoted saying: “Common 
things should be easy, advanced things should be at least possible”. Especially for multimedia 
applications this means to have the function in mind first and then the presentation. 

Don’t be creative when you are not supposed to 
Think about the following social situation: You meet with your friends to play soccer. While 
have been doing this together for a long time, this time you decide to change the rules.  What 
makes it worse, you don’t even tell them, but you just play by your new rules. Small children 
know that such a behavior will most likely lead to confusion, frustration, and conflict. The same 
applies to user interface design. When the device or operating system manufacturer sets a 
standard for certain GUI elements to behave a certain way, your program should not change the 
behavior. So the first step is to understand what the rules for a certain GUI element (such as a 
modal dialog box) are and the second step is to never ever use the element in a different way than 
it is supposed to. Like the soccer example, doing so will lead to confusion and frustration of the 
user and also potentially lead to conflict with other applications that share GUI elements. Some 
manufacturers also enforce GUI standards and will likely cause you to redo your interface. While  
this rule is true for any application, multimedia applications are the most prone to tempt you to 
abuse predefined UI components. The reason for this is that conventional operating system 
interfaces are originally created for text and mouse input and output.  Multimedia applications, 
however, might deal with various inputs and might requires content-based selection and editing 
operations. Figure 2 shows an example of a system that uses a chalkboard metaphor instead of a 
desktop metaphor. As of the writing of this book, most of these are not yet standardized. The 
recommendation here is to stay as close as possible to the interface standard and only takes as 
much freedom as is required. Finding the right and intuitive solution might require user interface 
studies, as explained later in this chapter. A firm rule here is that the user should never have to 
perform unnatural or unintuitive actions.
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Figure 3.3: A demonstration of the four screen interactive datawall construction
at Freie Universität Berlin for middle-sized seminar rooms.

interfaced systems, the system provides an integrated mathematical handwriting
recognition [Tapia, 2005,Friedland et al., 2004d].

Finally, the E-Chalk board system provides a unique interface for stroke-
based applications, called Chalklets. These applications interact exclusively
through strokes, i. e., they are able to recognize drawings and gestures from
the screen and respond by drawing their results on the board. Several Chalk-
lets have already been developed, among them a Chalklet that simulates logic
circuits [Liwicki and Knipping, 2005], a chess interface [Block et al., 2004a],
a Python programming environment, and a Chalklet that can be used to log
geometry proofs.

In order to allow the advance preparation of chalkboard lectures, the board
software supports so-called macros. Macros are pre-recorded series of events
that a lecturer may call and replay on the board during a lecture. To record a
macro, the instructor draws the portions of the lecture which he or she wants
to store in advance. During the lecture, macros are replayed either at original
speed or using an acceleration factor. Automatically generated macros can be
used for visualization purposes [Argüero, 2004].

3.3 Usage Scenarios

The E-Chalk software works with a variety of hardware that instructors can use
to substitute the traditional chalkboard. The ideal electronic chalkboard would
be a large, pen-sensitive screen with high display and sensor resolution. The
display must offer good contrast, so that the visual quality can be compared
to a real chalkboard, e. g., it should not be required to darken the room for
the lecture. However, an idea like E-Chalk depends on the instructor’s and the
students’ preferences. [Friedland et al., 2003] studies different types of hardware
setups that people have found useful.

To have many students in a lecture room requires a very big display sur-
face. The practical solution is to use a digital whiteboard (for example from
GTCO CalComp, Inc. [28], Hitachi, Inc. [24], Numonics Corporation [36], or

Figure 2.  The electronic chalkboard system E-Chalk is an example of a multimedia system that 
would not work with the desktop metaphor.

Foster the learning process of the user
Your goal as an application developer should be to bind the user to your program for a long time. 
This is best achieved when the user incorporates your application more and more into daily live 
and thinks of it increasingly often when a new problem comes up. On the first use, the program 
might just have solved some minor problem but when the user’s increasing understanding of the 
complexity of your program is rewarded with the application solving more sophisticated 
problems, it is very likely that the application becomes an important tool in a user’s life.

To foster the learning process, your application interface should follow one concrete philosophy 
(see example later in the chapter). For example, many operating systems follow the Desktop 
metaphor, therefore using terms like “folder”, “file”,  and/or “trash bin”. Sticking to the metaphor 
or philosophy is very important, inconsistencies or contradictions should be avoided. Most 
importantly, the environment should be made riskless along the philosphy. For example: Like in 
real life, things put in the trash bin, can also taken out of it when they haven’t been in the bin for 
too long. Undo and redo functionality make using computers for typewriting even less risky than 
using a physical typewriter. Riskless environments promote learning because making a  mistake 
is not penalized heavily encouraging exploration. Another examples is intelligent default values. 
They help exploration because the user can see what happens before understanding what the 
values mean. A related topic to learning is transparency. The user does not always have to know 
what is going on -- this would contradict the first paradigm of not thinking inside out. However, 
the user should always know what is expected of him and what he can expect from the computer. 
For example, when the computer is not responsive due to a compute or I/O-intensive operation, a 
busy cursor should be displayed. If the operation takes longer than a while the operation should 
be cancelable and a progress indicator should indicate the estimated time until completion of the 
operation. 

Test your program with real users



As explained before, the above stated rules are neither comprehensive nor do they guarantee 
success of your application. Furthermore, let’s assume you think your program presents itself in a 
learning-promoting way and hides exactly the right amount of details. How can you be sure?
Therefore, the most important rule is to test your application with real users. This is one of the 
important principles of human computer interaction research: It is evaluation based. The 
following part of this chapter will introduce the basics of human-based evaluation.

Evaluation of Software through Human Subjects
Dix et al. (see references) formulated a simple equation for the measurement of the usability of a 
program: 

Usability = Effectiveness + Efficiency + Satisfaction

Of course, quantifying the parameters of the equation is not only complicated but also subjective.  
Also, for some applications, different parameters might have different importance. In a computer 
game, for example, the satisfaction parameter might be much more important than the 
effectiveness. Depending on the game efficiency might or might not matter. So how does one 
measure the usability of an application?

Again, there is no silver bullet method to measure the usability of an application. In industry the 
most important method is often to correlate sales numbers: for example, one of two webpage 
designs is shown to a new user at random and then the page is further optimized in the direction 
of the page that results in most sales. The method is usually called “split test”. The main 
drawback of the method is that sales numbers might correlate with many other factors and 
decreasing sales number might not be a cause of bad webpage design. Two more scientific 
methods are the video surveillance tests and questionnaires.  Of the two, video surveillance tests 
are probably the most effective. 

Video Surveillance Test

To conduct a video surveillance test, candidates are chosen that represent the typical users of the 
applications. Inside the target group it is best to select persons to represent a variety in gender, 
age, ethical, social, and educational background. The candidates are then given a set of tasks to 
solve with the program. Sometimes it can be effective to also set a time limit. With the consent of 
the participants, video equipment records audio and video of the users behavior together with the 
screen of the running application. It is best to not at all interfere with the test participants and to 
isolate the test subjects so that they cannot interfere with each other before, during, and after the 
test. Of course the tasks should be chosen wisely and probably in order of increasing difficulty. 
The tasks should be formulated generally enough so that a user doesn’t only have follow 
instructions but has to figure out the steps to achieve the task on his or her own. It may 
sometimes make sense to ask for tasks that are not achievable. In any ways, in order to avoid 
frustration, clear instructions must be given what to do in the case that a user does not find a 
solution, eg. that he is allowed to skip a task. One of the most important suggestion with any 
kind of user study is that the higher the number of participants (“higher n”) the better. More 
participants will not only allow for a significant result but also help to find errors both in the 
application and in the test setup. Unfortunately, still to many user studies are often performed 



using “n=20 students from my department”. Granted, a video surveillance test with a high 
number of users is expensive and time consuming.

Questionnaires
To reach a greater audience, eg. over the Internet, questionnaires can be used. The most 
important problem with questionnaires is that only problems can be caught that the maker of the 
questionnaire was aware of. While adding free form space to a questionnaire is possible, one 
cannot really expect the most extensive feedback from it -- after all, testers are not developers! 

Here is a real-world example to illustrate the problem: A well-known beverage manufacturer 
created a new vending machine. They used a video surveillance test to find out about user’s 
reaction to using the machine. After watching all the videos and discussing between management 
and developers, they found that everything looked pretty good, except the user experience might 
improve if an option to not only pay with coins but also with bills was added to the machine. So 
the developers went ahead and implemented the change. Then, to quickly prove that the change 
was successful, another user study was made. This time, many more people were asked to 
participate and the only thing they had to do was fill out a questionnaire rating their experience 
using the machine on a scale from 1 to 10. As control the old vending machine was test with the 
same questionnaire. Now though, most questionnaires for the new machine had a worse score 
than the control test using the old machine. Development and management were devastated: 
How could adding a feature that people wanted to a vending machine that was already quite good 
make the experience so much worse? The solution is this: When the vending machine only 
accepted coins, participants had been told in advance to bring coins. So the vending went smooth 
and comments in the videos were mostly about details. Now, that the vending machine also 
accepted bills, the participants weren’t told anything. So in the end, most people didn’t have 
change and tried the bill slot, which happens to not have worked very well because the bills 
could only be inserted in one particular way which the developers had already trained themselves 
to. As a result, the machine did not work at all for many subjects since the bill was rejected 
several times and the users did not have coins available. So while the rest of the vending machine 
stayed the same, adding a feature made the user experience of the vending machine much worse 
and finding out about it was hard from the survey questions as developers expected them to be 
mostly positive. 

Still, when done right, questionnaires can provide valuable knowledge. It is usually best to try a 
video surveillance test using a small set of participants first, address the issues raised as a result 
of the test in the application, and then create a questionnaire that targets the improvements in the 
application along with other issues raised in the video surveillance test. Thorough reviewing of 
the questionnaire is very important. Small choices in wording can make a large difference. 
Certainly, no wording should offend anybody or be hard to understand. A good questionnaire has 
the question be slightly overlapping to see tendencies and contradictions. Contradictions in 
response usually indicate somebody did not care one way or the other. Another important choice 
is to whether the questionnaire contains yes/no responses, rating on a scale (e.g. 1 to 10), 
multiple choice answers, or requires free-form responses. It is hard to provide any general 
guidance here, except that one should take into account that free-form responses are the most 
accurate, yet take the most time to fill out. Unless appropriate incentive is provided for filling out 
the questionnaire, it is hard to have somebody paying attention to it for more than 5 to 10 



minutes. Of course, the questions in the end might then be skipped or if multiple choice 
questions be answered randomly. It is therefore suggested to put the most important questions in 
the beginning of the questionnaire and have the questions in the end not be multiple choice. Yet 
again, with any multiple choice questionnaire there is no real way to tell how much thoroughness 
a participant puts into the responses -- especially when the crosses are not distributed arbitrarily. 
One way to add motivation to a questionnaire is to make the participant feel that he is 
contributing and his or her voice will make a difference. A large number of well-filled-out 
questionnaires will lead to significant results that are reportable in scientific publications and to 
an improvement of the application.

Significance
Especially when performed for scientific publications the question often arrises whether the 
outcome of the responses to a question on a questionnaire is statistically significant, i.e. when 
performed for a second, third, and further time, would the questionnaire lead to the same results? 
In other words: Is the outcome of this questionnaire random or a valid result. Fortunately, 
statistics can help here. 

Statistical inference allows the test analysts to assess evidence in favor or some claim about the 
participants from which the sample has been drawn. The methods are called significance testing 
or test of significance.

Every test of significance begins with a so-called null hypothesis. The null hypothesis represents 
an assumption that has been put forward, either because it is believed to be true or because it is to 
be used as a basis for argument. For example, in a questionnaire about the next version of an 
application, the null hypothesis might be that the new version is no better on average than the 
past version. The so-called alternative hypothesis is a statement of what a statistical hypothesis 
test is set up to establish. For example, in the evaluation about the new version of the program, 
the alternative hypothesis might be that the new version has a different target group, on average, 
compared to that of the past version. 

The final conclusion once the significance test has been carried out is always given in terms of 
the null hypothesis. We either "reject the null hypothesis in favor of the alternative hypothesis" or 
"do not reject the null hypothesis". If we conclude "do not reject null hypothesis", this does not 
necessarily mean that the null hypothesis is true, it only suggests that there is not sufficient 
evidence against it in favor of the alternative hypothesis; rejecting the null hypothesis then, 
suggests that the alternative hypothesis may be true.

The significance is measured as a level between 0 and one and usually denoted with α. If a 
significance test gives a probability value lower than the α-level, the null hypothesis is rejected. 
Such results are often informally referred to as “statistically significant”. The lower the 
significance level, the stronger the evidence required. 

The following denotes an example: A male subject is tested for clairvoyance. He is shown the 
reverse of a randomly chosen play card 25 times and asked which suit it belongs to. The number 
of correct answers, is modeled by the random variable X. As the test goes on to find evidence of 



his clairvoyance, the null hypothesis is that the person is not clairvoyant. The alternative 
hypothesis is, of course: the person is (more or less) clairvoyant.

If the null hypothesis is valid, the only thing the test person can do is guess. For every card, the 
probability of guessing correctly is 1/4. If the alternative is valid, the test subject will predict the 
suit correctly with probability greater than 1/4. We will call the probability of guessing correctly 
p. The hypotheses, then, are:  null hypothesis    (just guessing) and alternative 

hypothesis      (true clairvoyant).

Of course, if the test subject correctly predicts all 25 cards, one can consider him clairvoyant, 
and reject the null hypothesis. With fewer hits, let’s say 24 or 23, the probability of the subject 
being (a pretty good) clairvoyant is still pretty high until one hits the lower numbers where 
p<=1/4. 

Other tests of significance exist that assume statistical distributions differently from the uniform 
distribution, such as the Z-Test (see references) which assumes Gaussian distribution. All in all,  
questioning the significance of an outcome of a test becomes more and more an issue, the more 
test subjects are involved and the clearer the outcome of the response is. In the end though, 
mathematical significance testing is not a guarantee for actual results. Consider the following 
example:

To test a new audio codec, the developers compressed several audio files using the different 
codecs and let users in the Internet listen to the codecs and rate them according to their perceived 
quality. To their big surprise the codec with the highest bandwidth got the worse results, which 
was obviously better then the worse codec whenever it was presented to individuals outside the 
test. The test was definitely repeatable and statistically significant. What had happened? The 
developers had used different audio recordings. However, the one using the highest-bandwidth 
codec was a speech recording from a non-native speaker which some of the participants had a 
hard time understanding. This lead the test subjects to give the codec a bad score since they had 
only been asked to rate “the perceived quality”. So the mistake here was to not eliminate all 
factors. A short interview after the test might have helped eliminating this oversight in the first 
place. 

Again, this example shows, there is no silver bullet and human-computer interaction is a hard 
soft topic (hard in the sense of difficult and soft in the sense of not strictly logical). The reader is 
encouraged to delve into the literature for more information but, most importantly, to go ahead 
and try it out!
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Exercises
1. List examples of thinking inside out that do not pertain to UI development.
2. What are the major advantages and disadvantages of command-line interfaces.
3. Give one example where the desktop metaphor fails and explain why.
4. Create a program to measure the time it takes to find a random specific point on the screen and 

click on it with the mouse. Then create a program that asks to press for a certain key on a 
random point on the screen and measure the response time. Compare the two and discuss. 

5. Explain the notion: “Responsiveness = Perceived Performance” and give examples of 
techniques that help increasing perceived performance.

6. Find 3 GUI bloopers in the Internet and explain the problem. Propose solutions for them.
7. Choose an office program (e.g. OpenOffice writer) and create three tasks that a user should 

solve using the program. Choose three test subjects from your friends and family and watch 
them while they are performing the task. If you can, you should use a camera to make sure not 
to interact with them.

8. Repeat 7 but this time create a questionnaire. What is different?
9. If you are restricted in the number of subjects to be participants in a user study (e.g. n=20) -- 

what is a good strategy to still obtain significant results? 
10.Suppose a test has been given to all students in a country. The average test score for the entire 

country is 70, with a standard deviation of 1/5/10. The newspapers suspect that female 
students have a higher average score than male students because the mean score from a 
random sample of 64 female students is equal to 73.  Is this different significant?

11.Take the clairvoyant example from the text: How many cards have to be tested minimally for 
the test to be equivalent to a full 25 card test?
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